The objective of this study was to characterize biopsychosocial characteristics in children with failure to thrive with a focus on 4 domains: medical, nutrition, feeding skills, and psychosocial characteristics. A retrospective crosssectional chart review was conducted of children assessed at the Infant and Toddler Growth and Feeding Clinic from 2015 to 2016. Descriptive statistics were used to analyze the data. One hundred thirty-eight children, 53.6% male, mean age 16.9 months (SD = 10.8), were included. Approximately one quarter of the children had complex medical conditions, medical comorbidities, and developmental delays. The mean weight-for-age percentile was 15.5 (SD = 23.9), and mean weight-for-length z score was −1.51 (SD = 1.4). A total of 22.5% of children had delayed oral-motor skills and 28.3% had oral aversion symptoms. Caregiver feeding strategies included force feeding (14.5%) and the use of distractions (47.1%). The multifactorial assessment of failure to thrive according to the 4 domains allowed for a better understanding of contributing factors and could facilitate multidisciplinary collaboration.
Background
Failure to thrive (FTT) is a sign of inadequate nutrition for optimal growth and development. FTT has multiple definitions, which include the following: weight-for-age below the third percentile; a rate of weight gain that is disproportionate to the rate of length gain; weight-for-length less than 10th percentile (in children <24 months); and a decrease in 2 or more major growth percentile curves. 1, 2 FTT more commonly presents in children less than 18 months of age. 2 In the United States, children with FTT account for 5% to 10% of primary care pediatric patients and 3% to 5% of pediatric hospital admissions. 2 Previous studies have described patient characteristics of children with failure to thrive. [3] [4] [5] [6] [7] [8] These studies often made a distinction between "organic" (with an underlying medical pathology) and "nonorganic" (underlying behavioral and psychological) causes. 4, [8] [9] [10] However, some researchers have advocated to abandon the use of the dichotomous "organic" versus "nonorganic" description of FTT. 1, 11, 12 The dichotomous division is thought to be too simplistic for clinical and research purposes and does not capture the complexity of patients presetting with FTT. Several researchers make the case that FTT is explained by multiple biopsychosocial factors and arises from the interaction between these factors. 9, 11 Feeding difficulties are common in children with FTT. 13 The term "feeding difficulties" is commonly used as an umbrella term that refers to a "feeding problem of some sort." 14(p345) These problems can include 858526G PHXXX10.1177/2333794X19858526Global Pediatric HealthMazze et al picky eating, 13 food refusal, and not self-feeding appropriate for age. 8, 14 Most children with feeding difficulties present with concurrent medical, behavioral, or developmental issues. 15 Pediatric feeding disorder is defined as a "an inability or refusal to eat and drink sufficient quantities of food to maintain an adequate nutritional status . . . [that may] lead to substantial organic, nutritional, or emotional consequences." 10(p380) Huh et al 16 proposed a new conceptual framework to approach pediatric feeding disorders. They describe 4 integral domains that should be assessed: (1) medical, (2) nutrition, (3) feeding skills, and (4) psychosocial. The goal of this framework is to provide consistent terminology to facilitate interdisciplinary collaboration, education, and research. Since these 4 domains also play an important role in the evaluation of children with FTT, we hypothesized that the proposed framework for pediatric feeding disorders could also be used to describe children with FTT and would give a better insight than the previous "organic" versus "nonorganic" classification. The objective of this study was to comprehensively characterize biopsychosocial characteristics in children with FTT with a focus on 4 domains: medical, nutrition, feeding skills, and psychosocial characteristics.
Methods

Design
This project was part of the Social Pediatrics Research Summer Studentship (SPRESS) program at The Hospital for Sick Children, a summer program for pre-clerkship medical students at the University of Toronto. A retrospective cross-sectional chart review of children referred to the Infant and Toddler Growth and Feeding Clinic at the Hospital for Sick Children in Toronto, Ontario, was performed.
Setting
The Infant and Toddler Growth and Feeding Clinic is a multidisciplinary, ambulatory clinic at The Hospital for Sick Children in Toronto, Canada. Children are referred to the clinic for growth and feeding concerns to be assessed by a nurse, pediatrician, an occupational therapist (OT), a dietitian, and a social worker, often concurrently. Children were referred to the clinic from their primary care provider (family physician or pediatrician), pediatric subspecialists, or from a recent hospital admission. Children between 2 months and 5 years with a first clinic visit from January 1, 2015, to December 31, 2016, were included in the study.
Procedure and Analysis
In our clinic, children's weight were measured with a standardized scale (Scale-Tronix Pediatric Scale 4802). In children under 2 years of age the length was taken with a length board, and for those above 2 years of age height was measured with a stadiometer. Children were assessed by a pediatrician (EC, JJ, and MH) specialized in growth and feeding. A birth history, general medical history, and developmental history was taken by the pediatrician. In addition, a standardized intake form was used for new patients; in this intake form dietary intake, feeding schedule, mealtime environment (eg, family eats together), mealtime behaviors (eg, crying, throwing of food), caregiver feeding strategies (eg, use of distractions), feeding skills (eg, being fed with a spoon), and psychosocial factors (ethnicity, parental relationship) were explored. Other psychosocial factors (not included on the intake form) included maternal depression and anxiety, child protection services involvement, and financial problems. These factors were physician observed, noted on the child's referral, or self-reported by the child's parents or guardians. Patient data at the time of their first clinic visit were retrospectively entered into a REDCAP database by the SPRESS student (NM). A thorough chart review, including multidisciplinary documentation from subsequent clinic visits, was conducted to ensure accuracy and completeness of data at the time of their first visit. Developmental milestones 17 and the World Health Organization growth calculators were used to interpret patient data. 18 SPSS software was used for descriptive statistics to analyze the data.
Ethical Approval
This project was approved by The Hospital for Sick Children's Research Ethics Board (Reference Number: 1000056884).
Results
Population Characteristics
The study population included 138 children (53.6% male) with a mean age of 16.9 (SD 10.8) months. The majority of families (n = 75, 54.3%) were from the Greater Toronto Area; 57 (41.3%) from Central Ontario. Eighty-three (60%) of the children were born in Canada. The majority of parents were born outside of Canada. Only 18.8% of the mothers were born in Canada; 6.5% were from the Philippines, 4.3% Sri Lanka, 5.1% India, 2.9% Bangladesh, 5.8% China, and 1.4% from Pakistan. The majority of families (55.1%) spoke English as the main language at home. Ninety-nine (68.1%) of the parents were married (Table 1) . Most children were referred for a combination of growth and feeding concerns (n = 92, 66.7%), 13 (9.4%) children presented with only growth concerns, and 33 (23.9%) children presented with only feeding concerns.
Medical Characteristics
Twenty-six (18.8%) children were born prematurely and 24 (17.4%) were small for gestational age. Fifty-seven (41.3%) children had a history of gastroesophageal reflux.
Thirty-nine (28.3%) used anti-reflux medication at the time of their first clinic visit. Other medical conditions that were identified included constipation (13.0%), eczema (13.8%), cardiac anomalies (7.2%), chest infections (6.5%), allergies (5.1%), and neurological disorders (7.2%). Fifty-six (40.6%) children also visited other pediatric specialists. In 10 (7.2 %) children, a genetic diagnosis (eg, Down's syndrome, Russel-Silver) was identified.
No new diagnosis of celiac disease or cystic fibrosis was made. Concurrent developmental delays were described in the gross motor (20.3%), fine motor (8.0%), speech and language (20.3%), and social domains (6.5%). Fortyone (29.7%) of the children had seen an OT specialist, 13 (9.4%) a speech-and-language pathologist, and 12 (8.7%) a physiotherapist. Table 1 summarizes the sociodemographic and medical characteristics.
Nutritional Characteristics
The mean weight-for-age percentile was 15.5 (SD 23.9) months, mean height-for age percentile was 23.4 (SD 31.1), mean weight-for-length z score (children ≤24 months) was −1.51 (SD 1.4), and mean body mass index Z score (children >24 months) was −1.3 (SD 1.3). Table 2 summarizes the nutritional characteristics of our study population.
Twelve children (n = 8.7%) had a feeding tube in place at their first clinic visit.
One hundred two (73.9%) children were reported to be breastfed; 8.7% for less than 3 months, 13.8% for 3 to 6 months, and 39.9% for more than 6 months. Overall, 20.3% of children had a diet inappropriate for age, including inappropriate textures, prolonged formula feeding, and a delay in introducing solid foods. Thirtynine (28.3%) children had seen a dietitian before or during their clinic visit.
Feeding Skills Characteristics
In 39 (28.3%) of the children sensory issues and oral aversion symptoms were described. Delayed oral-motor skills were identified in 31 (22.5%) children. In many children, feeding behaviors such as vomiting (25.4%), gagging (29.7%), and choking/coughing (9.4%) were reported. Feeding developmental milestones that were delayed included not-self feeding appropriate for age (17.4%). Twenty-nine (21%) new referrals to a community OT specialist were made. Figure 1 shows the percentage of feeding skills characteristics.
Psychosocial Characteristics
Active or Passive Avoidance Feeding Behaviors by Child. In 54 (39.1%) children, parents described active food refusal behaviors, including throwing of food (18.1%). Crying and arching were observed in 30 (21.7%) children.
Caregiver Feeding Strategies. Parents used force feeding (14.5%) and distractions (47.1%) to make their child eat. Most commonly used distractions were television (25.4%), mobile screens (15.9%), and toys (14.5%). Overall, 10.9% of the families would not eat meals together with their child. Parents reported the need to prolong mealtimes longer than 30 minutes in almost a third of the children (29.7%). Figure 2 demonstrates selected psychosocial characteristics observed in our clinic. Important factors that were identified in the child's social environment were maternal depression (5.1%), child protection services involvement (10.1%), and financial problems (7.2%). The majority of children (63.8%) would stay at home with their caregivers (parent and/or grandparent); only 15.2% attended daycare. Maternal anxiety was reported but difficult to define.
Discussion
This study characterized biopsychosocial factors of children referred with FTT to an academic ambulatory clinic. We used a previously described model to assess medical, nutrition, feeding skills, and psychosocial factors. 16 The study population consisted of a diverse patient population with the majority of parents born outside of Canada. This represents the general population in Toronto, Ontario, where nearly half of the population is foreign-born. 19 Approximately one quarter of the children had complex medical conditions, medical comorbidities, and developmental delays. This is not surprising since many children with complex medical conditions have feeding and growth problems. Gastroesophageal reflux was the most common newly identified diagnosis (41.3%) in our clinic. No new diagnosis was made of cystic fibrosis or celiac disease. As previously described the yield for diagnostic testing for children with FTT is low. 4 The nutritional characteristics showed that not all children met the standard anthropometric definition criteria for FTT. Only half (53.2%) of the children had a weight-for-age below the third percentile and only one third (31.0%) had a weight-for-height below the third percentile. This might reflect the main reason for referral; a minority (9.4%) of children were referred for only growth concerns and most children presented with both feeding and growth concerns (66.7%). Although some children do not meet the criteria for failure to thrive yet, their parents are often putting in tremendous efforts (eg, continuously offering food, force feeding) to maintain adequate weight gain. In our clinical experience, these children are at risk for developing a feeding aversion and further decreasing their nutritional status.
Previous studies have shown that children with FTT have a high incidence of oral-motor dysfunction, 9 and poor feeding skills may also contribute to the onset and persistence of FTT. In 28.3% of the children sensory issues and oral aversion symptoms were described. Feeding behaviors such as choking/coughing may suggest oromotor dysfunction (ie, uncoordinated swallowing).
14 In our population, there was a high incidence of developmental delays, which may affect age-appropriate feeding milestones. Gross motor delays affect appropriate posturing during feeds; fine motor delays interfere with the ability to self-feed; and social delays may impair the ability to participate in mealtimes with their families. 20 A previous study by Black et al 7 also reported that one quarter of their FTT population in a North American urban medical center to have experienced developmental risk and/or feeding problems. The high percentage of oral-motor dysfunction and poor feeding skills underscores the importance of multidisciplinary assessment. In our clinic children accessed OT therapy during the clinic meeting, but also could be referred to community OT services for support in the home environment.
The most important psychosocial factors identified in our clinic were child feeding avoidance behaviors and suboptimal caregiver feeding strategies. Parents used force feeding (14.5%) and distractions (47.1%) to make their child eat. Most commonly used distractions were television (25.4%) and mobile screens (15.9%). The percentage of force feeding is most likely underreported as many parents might not think of their feeding style as "forceful." Mobile media devices are increasingly used to "calm" children when they are upset-parents of children with feeding challenges reported distracting their child "to get another bite in." 21 Feeding difficulties are a "relational disorder between the feeder and the child," 14 therefore feeding management strategies must be addressed in clinical assessment of children with FTT.
14 In our retrospective chart review, 5.1% of the mothers self-identified as having a depressive disorder. As maternal mental health was not always discussed in clinical encounters and not part of our intake form, these results may be underrepresented. Some studies have described an association between maternal depression and poor infant growth, 22, 23 whereas others have shown conflicting results. [24] [25] [26] [27] Previous studies have also shown that maternal depression was significantly associated with forceful and uninvolved feeding styles. 28 Maternal anxiety was often described in the clinic notes, but no care-giver selfidentified with an anxiety disorder.
Although some authors still emphasize the use of the "organic" versus "nonorganic" model to describe FTT etiologies, 4 others have stressed the importance to use a biopsychosocial model to describe the complex interaction between the different factors. 1, 9, 11, 12 Our study supports using the conceptual framework created by Huh et al 16 to obtain a more comprehensive understanding of the different contributing factors to FTT in the different domains (medical, nutritional, feeding skills, and psychosocial). This framework can also facilitate a multidisciplinary approach in children with FTT. By identifying concurrent contributing factors in children with FTT, multidisciplinary personnel and resources can be appropriately allocated and justified in institutional budgets. Last, by describing the 4 domains consistently in children with FTT the framework can facilitate education and research in FTT.
Limitations of our study include the retrospective design of our study, which may have led to selection bias. Although we used a standard clinic intake form, our questions relating to mealtime environment, mealtime behaviors, feeding skills, and psychosocial concerns were not validated and standardized and it was up to the pediatrician if all questions were asked. Our FTT population was a referred population that can make the described characteristics not generalizable to the general pediatric population with FTT. There may have been referral bias, particularly for children with child protective services involvement, as one of the clinic pediatricians also works as a child maltreatment pediatrician at the Hospital for Sick Children.
Conclusion
A more comprehensive approach to characterize children with FTT can be facilitated by assessing the medical, nutritional, feeding skills, and psychosocial domains. Children referred with FTT have dynamic biopsychosocial characteristics that extends beyond "organic" and "nonorganic" characterization. This modern characterization and multifactorial assessment allows for a better understanding of the interaction between the 4 domains and could better facilitate multidisciplinary care. Accordingly, pediatricians and primary care practitioners may like to include this comprehensive assessment of children with FTT in their practice, in order to facilitate multidisciplinary care.
